Abstract: Methyl methacrylate (MMA) is an important monomer attracting the attention of industrialists and scientists because of its various applications and reactivity. The knowledge of thermodynamic and transport properties of MMA in alcohols and other organic solvents is useful in industrial processes. Ultrasonic and viscometric parameters offer simple, easy and accurate ways for calculating several physical parameters which throw light on molecular interactions in solutions. In this paper, the interactions of two alcohols; tert-butanol and isobutanol with MMA are reported for the first time. Comparison has been made on the interactive nature of the two alcohols. Computation of free volume, internal pressure and excess free volume has been made for the entire concentration range. Existence of mesomeric effects of MMA is clearly seen and the role of structure of alcohols is observed.
Introduction
Many engineering problems require quantitative data of the viscosity and density of the liquid mixtures. The physical properties and thermodynamic behaviour of polar and non polar mixtures have been studied for many reasons, one of the most important of which is that these properties provide information about molecular interactions. Methyl methacrylate (MMA) monomer is an excellent base material used in dentistry, ophthalmology and other industries. It has been studied widely by several researchers because of its varied applications, structure and its reactivity with organic solvents. From the structure point of view, C 13 NMR and FTIR studies have been made by several workers [1] [2] [3] [4] [5] [6] . Molecular interactions of MMA with several organic solvents [7] [8] [9] [10] , alkanes 11,12 hydrocarbons [13] [14] [15] , alcohols [16] [17] [18] and alkylamines and haloalkanes 19 have been studied by several workers through excess property and thermo dynamical calculations. The free volume 20 has been found to be an important property of liquid state and has been extensively applied to liquid and liquid mixtures. Several workers 11, 12, [21] [22] [23] [24] evaluated the free volume and internal pressure using different relations and discussed the intermolecular interactions on the basis of these parameters. In this report we have evaluated the free volume (V f ), Internal pressure (п i ) and excess free volume (V f E ) at three different temperatures (303, 313, 323 K) in MMA + tert-butanol and MMA + iso-butanol systems.
Experimental
The MMA and alcohols were purchased from Lobochem, and were of Analar grade (purity greater than 99%). The mixtures were prepared by mixing the measured volumes of the components in airtight stoppered brown bottles to minimize evaporation losses and light effects. Density measurements were made with an electronic balance (Mettler). The experimentally determined values of densities agreed well with literature data. The kinematic viscosities were measured by means of an Ubbelohde viscometer in a water bath with temperature stabilization (tolerance of ±0.15 K) provided with a thermostat. The viscometer was calibrated with double-distilled water. Ultrasonic velocities were measured using a crystal controlled variable path ultrasonic interferometer (Mittal Enterprises, New Delhi) operating at a frequency of 1 MHz. In all, the accuracy of the determined values of density, viscosity and ultrasonic velocity works out to be ±0.0001 gm/cm 3 , ±0.0001 mPa-s and ±0.2 m/s respectively.
Theory
The standard relationship for finding the internal pressure (π i ) and free volume (V f ) and the excess free volume (V f E ) respectively 25 are given in Eqs. (1), (2) and (3) respectively. Eq. (1) is based on one dimensional analysis of the situation when an ultrasonic wave passes through a liquid medium.
where η is the viscosity of the mixture which is to be found (m Pa-s), 'b' is the packing factor (1.78), T is the temperature of the mixture (K), ρ is the density of the mixture (gm/cm 3 ), M eff is effective mass of the mixture (M 1 X 1 +M 2 X 2 ) , U is the ultrasonic velocity of the mixture (m/s), R is gas constant given as 8.314 Joule/mole K and K is the constant of value 4.28 X 10 9 independent of temperature. The free volume is given by:
(2) Where M is the molecular weight (gm), U is the ultrasonic velocity (m/sec), Η is the viscosity (m Pas-s), K is a constant equal to 4.28 X 10 9 independent of temperature, and V f is free volume, in millilitre per mole. The excess free volume is given by:
where V f E is the excess free volume, V fm is the free volume of mixture,V f1 and V f2 are the free volumes of the pure components. X 1 and X 2 are the mole fractions of the components. All the three equations have been very widely used for liquids, mixtures and solutions. These equations have been used in this paper too.
Results and Discussion
The measured values of ρ, η and u of the pure components are given in Table 1 . As seen, the density of MMA is greater than those of the alcohols. The velocity is found to follow the order U Isobutanol > U MMA > U tert-Butanol . The alcohols are more viscous than MMA. The variations of the quantities of all the components with the temperature follow the usual trend. All the three parameters ρ, η and u decrease with rise in temperature. Internal pressure Table 2 gives the values of internal pressure of the two binary mixtures for different temperatures. The internal pressure is a sensitive parameter to solute-solvent interactions, and reflects both the attractive and repulsive molecular interactions. The internal pressure of the solutions decreases with concentration. The decrease in internal pressure of the solutions indicates that the addition of monomer (solute) decreases the cohesive forces of the solvent (alcohols) at all temperatures. The decrease is more prominent at lower concentrations of MMA for both the mixtures. The magnitude of п i follows the order MMA + iso-butanol > MMA + tert -butanol The internal pressure of all the solutions decreases with temperature at all concentrations. As the temperature increases, the cohesive forces weaken and hence there is a fall in internal pressure. (Figure 1& 2) 
Volumetric behaviour
The computed values of free volume for the mixtures over the entire composition range at temperatures 303, 313 and 323 K are given in Table 3 , along with the excess values (V f E ) . The free volume and the excess free volumes have been calculated using equations (2) and (3) respectively. It is clear that the value of free volume of the both the mixtures (MMA + tert-Butanol, and MMA + iso-butanol) increases in a non linear manner as the temperature increases. Such behaviour of alcohols has also been observed by Arul et al 30 . It implies that when the temperature is increased, there is a tendency for the component molecules to move away from each other. This results in the reduction of cohesive forces leading to an increase in free volume. This may depend on the hydrogen bonding and size of the molecules, which in turn depend on the concentration of the hydroxyl solvent size and structure of the alcohol. As the concentration of alcohol decreases the hydrogen bonding also decreases. Therefore the solvent molecule occupies lesser volume and hence, an increase in free volume is observed for both the systems. However, as the temperature increases, hydrogen bonds break and hence the free volume increases with temperature. The increase in free volume of the mixtures is due to the breaking of hydrogen bonds in both MMA and hydroxyl groups present in alcohols. MMA is a conjugated system of single and double bonds, leading to polarisation. This gives a dipolar structure. Hence dipole-dipole attractions are possible between its molecules. While increasing temperature, the force of attraction between the molecules decreases, and therefore the free volume increases. This may be visualized as shown in the following scheme 1.
Scheme 1
The variations in V f and πi are almost similar for the entire concentration range for both the mixtures. Only a small variation is observed due to the isomeric forms of butanol system. At lower mole fractions of MMA (up to ≈ 0.40), lower values of free volume are observed for MMA + tert-butanol mixture and higher values for MMA + iso-butanol mixture. In contrast, at higher mole fractions, an inverse trend are observed, i.e., the free volume is lower for MMA + iso-butanol mixture. This is due to the number of branches present in the iso-butanol chain isomer. The same trend was also observed by Arul et al 26 for the binary mixtures of benzene with tert-butanol and iso-butanol.
The excess free volume (V f E ) values for both MMA + tert-Butanol, and MMA + isobutanol are completely negative which indicates that the intermolecular interactions present in both the systems are strong (Figure 3 ). However with rise in temperature, intermolecular interactions become weak when the solute and solvent are almost equal in concentration and for further increase in temperature the intermolecular interactions become totally weak for the whole range of concentration. - Similar observations -presence of weak interactions between the component molecules were found in benzene + iso, sec, tert -butanl systems by Anwar Ali et al 31 . Dharmalingam et al 4 . reported that the strength of the hydrogen bonding depends on the alkyl chain length of both the esters and the alcohols when they studied the hydrogen bond interaction between alkyl methacrylates (MMA,EMA,BMA) and six primary alcohols by FTIR and dielectric methods. Lalitha et al. 32 studied the relation between V f and π i at different temperatures and found that it obeys the equation π i V f X = K where X and k are constants. The same quantitative relationship between V f and π i was verified for the present systems of study. Plots of log (π i ) v s log (1/V f ) were perfectly linear for both mixtures at all three temperatures (Figures 4 & 5) . This proves that the relation, π i V f X = K is true for MMA + alcohol mixtures too. The slope of the lines obtained is found to be close to 1/3. The values of K are nearly the same for both the alcohols. There is a marginal increase in the K values with temperature at all concentrations. The values of K are given in Table 4 
Conclusions
The present study on MMA + alcohol mixtures indicates the following conclusions: 1.
Existence of specific interactions of strong magnitude is noticed in both the systems.
2.
Mesomeric effects are predominantly noticed in the systems due to the presence of MMA molecules. 3.
The nature of isomeric chain and the placement of the alcoholic group have sharp variations in the interaction mechanism. 4.
The effects of the concentration of MMA as a solute and the temperature effects on hydrogen bonds in the system are clearly seen.
5.
The role of hydrogen bonds and the structure of alcohols in interactions are observed.
